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RÉSUMÉ 
Deux bassins hydrographiques urbains fermés à Changhaï et Hefei, en Chine, ont été choisis pour 
discuter l'application d'un modèle hydraulique couplé 1D/2D. L'évolution de la saturation des sols dans 
ces bassins versants présentant des configurations de terrain différentes a été simulée par rapport à 
une période de 50 ans de retour des orages. L'impact des barrières de voisinage, une caractéristique 
commune dans les villes chinoises, sur les procédés d'écoulement de surface et la saturation des sols 
en eau, a été évalué via des simulations. Les résultats prouvent qu'il est essentiel de déterminer 
l'endroit de ces barrières en ce qui concerne l’état local des terrains, autrement des erreurs 
importantes peuvent se produire dans les simulations sur la saturation des sols. Nous avons constaté 
que les barrières de voisinage obstruent l'écoulement de surface pendant l'inondation, excepté sur les 
plaines plates. Ce document constitue la base d'un modèle de drainage couplé par 1D/2D, qui peut 
être appliqué aux zones, où les barrières de voisinage couvrent un grand pourcentage du bassin 
hydrographique. 
 
ABSTRACT 
Two closed urban watersheds in Shanghai and Hefei, China, were selected for discussing application 
of a 1D/2D coupled hydraulic model. Waterlogging evolution in these drainage areas with different 
terrain features was simulated with respect to a 50-year return period storm. The impact of 
neighbourhood fences, a common feature in Chinese cities, on overland flow and waterlogging 
processes was evaluated using simulations. Results show that it is essential to determine the location 
of these fences with respect to local terrain conditions, otherwise large errors occur in the simulations 
for waterlogging. We found that neighbourhood fences do obstruct overland flow during flooding, 
except on flat plains. This paper provides the basis of a 1D/2D coupled drainage model, which can be 
applied to districts, where neighbourhood fences cover a large percentage of the watershed area. 
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1 INTRODUCTION  
In China, large building development projects, no matter they are for residential or public purposes, 
usually have perimeter fences, especially in new subdistricts. Such fences have a solid concrete base 
and are usually higher than 0.5 m. These newly developed subdistricts range from 2 to 10 hectares, or 
even larger, and occupy a large percentage of the urban area. Great attention has been paid to 1D/2D 
coupled hydraulic models for simulating waterlogging processes and planning waterlogging prevention 
and control in China. However, little research has determined the influence of neighbourhood fences 
on waterlogging processes. In this paper, a 1D/2D coupled hydraulic model was developed using 
Infoworks ICM 4.5. Two closed watersheds in Shanghai and Hefei were used as case studies, each 
with distinct surface slopes. Under heavy storm conditions effects of neighbourhood fences on 
waterlogging processes were evaluated.  
 
2 METHODS 
2.1 Case study sites 
Two sites were selected for study. The first is the Xinghua watershed, located in the old town of Hefei, 
China, with an area of 289 ha, the average surface slope is 0.001. The watershed is isolated with 
nearby drainage systems, and land is mainly used for commercial and residential purposes, and 
neighbourhood fences surrounded most of the building projects within this watershed. The other study 
site is located within urban Shanghai, surrounded by four rivers, encompassing an area of 1927 ha. 
The terrain for this catchment is flat, giving an average surface slope of 0.0003. Land use of the 
catchment is residential and commercial. Fences surround most building projects except the old small 
buildings. 
2.2 Model simulations for different scenarios 
Infoworks ICM was used to build a 1D/2D coupled hydraulic model. Two scenarios, one considering 
the neighbourhood fences (Scenario A) and the other not considering them (scenario B), were used to 
compare simulations of waterlogging at each site. To depict the fences in scenario A, we used the 
street view function in Baidu Maps to obtain detailed information on range, and location of gates of all 
fences. Triangular grids were set along fences to complete the model network. Implementing these 
steps increased the model development costs. Scenario B evaluated the possibility of simplifying the 
model to reduce such costs. 
2.3 Model development 
The 1D drainage network data were obtained from the GIS Systems of both Shanghai and Hefei 
drainage conduits. Drainage conduits within the subdistricts enclosed by fences are essential to 
overland flow. We set up a main pipe in each subdistrict surrounded by a fence using the rational 
method. This main was connected to the nearby municipal sewer at the gate of the subdistrict. Other 
subdistricts were treated as subcatchments, where runoff was collected directly into manholes of the 
public sewer system. The digital elevation data for the two study sites were obtained from local 
Surveying & Mapping Institutes.  
We set the roughness coefficient for each area using the rough polygon, and represented buildings as 
porous polygons. The initial immersion depth of the porous polygons was set to 0.3 m. Given that the 
watershed area of the Xinghua watershed was relatively small, no mesh zones were needed. Figure 
1a shows that subdistricts in the Xinghua watershed with neighbourhood fences (brown outlines) 
account for 53% of the total watershed region. In contrast, given the large catchment area in 
Shanghai, we considered buildings only at locations where they were likely to affect fluvial flooding to 
reduce model development cost. The mesh used for scenario A is shown in Figure 1(b) (dark shading 
shows mesh zones), where black lines are neighbourhood fences. Here, subdistricts with 
neighbourhood fences account for 40% of the watershed. 
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Figure 1 Mesh used for the two study sites in scenario A. Black lines show fences, while dark shading defines 
more detailed mesh zones. Evaluation points with distinct terrain or runoff features marked with acronym. 
Calibration of the network models for the two sites were carried out. The data used for the 1D network 
model calibration were operating data of 2013, obtained from the SCADA system of the corresponding 
pump stations. Based on the water levels in suction tanks and pump operation data, simulation 
efficiencies were evaluated using Nash–Sutcliffe coefficients. The N-S coefficients of these 
calibrations & verification were all above 0.7. 
For the overland flow model, we used roughness coefficients based on other researchers’ experience 
(Gallegos et al., 2009). We carried out simulation tests using real data for two heavy storms for each 
of the sites. Rainfall and pump lift data were taken as model inputs, and peak waterlogging depths 
were simulated for each waterlogging point. When compared with observed values they showed good 
agreement. 
 
3 RESULTS 
The process and extent of a waterlogging at the main evaluation points in the Xinghua watershed 
under the 50-year pattern storm for the two scenarios are shown in Figure 3. At the evaluation point 
TW, which located at relatively high elevation, the peak waterlogging depth for scenario A was 
obviously higher than for scenario B. This was because a nearby fence trapped overland flow, which 
could only flow out the gate of the neighbourhood. At TW, waterlogging lasted longer in scenario A 
because the accumulated water could only leave the neighbourhood through the storm sewer.  
At evaluation point in XH, located on low ground, the waterlogging volume in scenario A was 35% less 
than for scenario B, while peak waterlogging depth was 0.18 m lower than for scenario B. This reflects 
the fact that flood waters from higher terrain were trapped and blocked by fences. Thus, flood water 
from higher areas was only able to enter the neighbourhood through the gate, which slowed down the 
waterlogging process and postponed the time of peak depth occurred. 
The waterlogging extent and process at the evaluation points at the Shanghai site under 50-year 
pattern storm were investigated (figure 4). We found that fences had a much smaller impact on 
flooding in Shanghai than in Hefei. The neighbourhood fences had limited impact on the waterlogging 
because the velocities of overland flow were slow given the low topographic slope in Shanghai. Thus, 
waterlogging stayed where it was produced and was slowly drained by the sewer system. 
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Figure 3: Waterlogging process at the three selected evaluation points in the Xinghua watershed under a 50-year 
return period pattern storm for both modelling scenarios. Solid lines represent scenario A, while dashed lines 
represent scenario B.  
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Figure 4: Waterlogging process at three evaluation points in Shanghai under a 50-year return period storm for the 
two modelling scenarios. Solid lines represent scenario A, while dashed lines represent scenario B. 
In this study, the average surface slope of the Xinghua watershed is around 0.01, which would not be 
a steep area based on the relative design standards. At this site, the maximum difference between the 
two scenarios at specific evaluation points was not ignorable under local waterlog design storm of 50-
year, even though the Xinghua watershed is small, apparent differences existed for both indicators.  
 
4 CONCLUSION 
Based on 1D/2D coupled model, under 50-year return period storm, effects of neighbourhood fences 
on urban waterlogging processes were investigated. The neighbourhood fences trapped waterlogging 
water on high ground, blocking overland flow to lower subdistricts in the watershed, where terrain 
slope were not less than 0.01. Thus, except in a watershed where ground slope is very small, the 
impact of neighbourhood fences on local flooding cannot be ignored because they do change flood 
flow patterns and processes. The result is important not only for 2D model developers, but also for city 
planners as well as architects, especially in districts where the fences cover large percentage of urban 
land.  
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